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Abstract. This paper analyzes learning and voting strategy when a budget 
maximizing bureaucrat has several chances to obtain referendum approval. The 
process is modeled as a sequential game with a continuum of heterogeneous 
voters and a dominant bureaucrat in which all agents are uncertain about the 
true distribution of voter preferences. The equilibrium concept is perfect Bayes 
Nash, so voting is strategic in the sense of foresighted but nevertheless 
noncooperative. 


1. Introduction 


Public opinion polls are increasingly common in larger federal and state elections. 
In addition to their entertainment value, polls play an important role in political 
strategy since the expense of the polls is often borne by the candidate or party. This 
indicates that there is a significant element of uncertainty about voter preferences 
among political strategists. This essay begins to analyze the interplay of infor- 
mation acquisition and strategy in a political process by constructing a Bayes 
equilibrium of repeated referenda in which agents acquire information on voter 
preferences by observing the results of early referenda and use that information in 
formulating strategy for subsequent referenda. 

Recently, Romer and Rosenthal [11] have introduced a monopoly model of a 
voting process which is better suited to this analysis than the earlier competitive 
nature of median voter theories, since competitive theories tend to abstract away 
from strategic behavior. Romer and Rosenthal analyzed a referendum process in 
which a budget maximizing bureaucrat must win majority approval from the voters 
for the level of public expenditure. The ideal point of the median voter is the only 
alternative that can defeat any other, so if there is free entry in placing proposals on 


* Thanks to R. Gretlein, J. Hamilton, T. Palfrey, T. Romer, H. Rosenthal, S. Slutsky and the referees 
of this journal for their comments and encouragement. They are not responsible for any errors or 
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the ballot, the tastes of the median voter should prevail. In many instances, 
however, the bureaucrat has agenda control, and can prevent some alternatives 
from being proposed that would have defeated his favorite. Romer and Rosenthal 
showed that a bureaucrat will gain some monopoloy power with agenda control 
and, depending on the distribution of voter tastes, will be able to obtain a 
considerably larger budget than the median voter’s ideal. 

This essay analyzes learning and strategy in the political process by considering 
repeated referenda in which the budget maximizing agenda setter has two chances 
to obtain majority approval. Voting terminates with the first proposal that succeeds 
or a prespecified reversion level if both fail, assumed here to be normalized to zero. 
If agents had perfect knowledge about the distribution of voter tastes then one 
would never expect to see the first vote fail since the setter would propose on the first 
round the highest proposal he knows will pass with 50% of the vote. Therefore it will 
be assumed that all agents are unsure of the distribution. Learning occurs since 
agents will observe the vote for the first proposal and make inferences about the 
distributions that would have generated this vote, given equilibrium voting 
strategies. The agenda setter uses this information to formulate strategy for the 
second round of voting if the first proposal failed. The voters are also strategic since 
they take account of this signalling function of the first vote in formulating their 
voting strategies. 

Romer and Rosenthal analyzed repeated referenda but abstracted away from 
both learning and strategy in the sense analyzed here. They assumed voters were 
myopic or naive and voted in each round as if it were the last, and that the setter did 
not learn from the previous vote. When agents are more fully rational, both 
behaviors are more complex. In the last round, if there is one, voting is myopic since 
voters make a straightforward comparison between the current proposal and 
reversion. However, the second proposal will be chosen on the basis of the setter’s 
(Bayesian) updated information about the distribution of tastes, in contrast to 
Romer and Rosenthal for whom the last proposal is identical to the one chosen if 
there had been only one round of voting, since they assume no learning. 

In the first round, voting is far from myopic since foresighted voters must make 
some conjecture about what will occur in the second round in order to compare it to 
the first proposal. This conjecture will be a “rational expectation” in which voters 
must predict what proposal the setter will make conditional on the information 
gained from all the possible first period votes. In fact, voters may cast a vote in order 
to influence the signal to the setter and the choice of the second proposal. This raises 
the possibility of a “protest” vote in which voters object to the first proposal which 
they would myopically prefer to reversion, in order to obtain or manipulate a better 
second proposal. At the same time, the first vote is not a pure public opinion poll 
and voters must also consider that the first proposal will pass. They must weigh the 
trade off between voting for a proposal in order to obtain its passage versus 
influencing the choice of the next proposal. 

The well known problem of why voters vote introduces additional complexity 
into this analysis of strategy and learning. Both Romer and Rosenthal and this essay 
assume a continuum of voters for the sake of tractability of the analysis. The issue of 
why voters vote when each individually has no weight in the outcome is finessed in 
the usual way by assuming there are no costs of voting and perhaps psychic 
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benefits!. Rational voting is motivated either as voting one’s preferences or voting 
as if one were decisive. When there are two determinate alternatives these two 
heuristics are equivalent ; for repeated referenda, however, the alternative to the first 
proposal is a lottery over reversion and the second proposal (which may itself be 
random since it depends on the information communicated by the results of the first 
vote). Voting one’s preferences entails comparing the value of the current proposal 
to the expected value of the lottery. On the other hand, the assumption that one will 
be decisive implies that all other voters are evenly split, and requires implicit 
assumptions about the otherwise unknown distribution of voter tastes. Thus, these 
two heuristics may not be equivalent here. Although the correct approach must 
await a theory of why voters vote, this essay uses an explication of rational voting in 
the first period suggested by a limiting analysis of finite voting populations where 
voters may have weight in the outcome. 

The two-stage voting process is modeled here as a sequential game with a 
continuum of heterogeneous voters and a dominant-player bureaucrat. All agents 
are uncertain about the true distribution of voter tastes and it is assumed that agents 
share acommon prior about the unknown parameters of the distribution. To model 
learning, Bayes Rule is used by agents to update their prior after seeing the first vote. 
Also, it is assumed that agents do not or cannot commit themselves in advance to 
take some specific or contingent action at a later date (e.g., the setter “threatening”’ 
that if his first proposal is not accepted he will refuse to make a second proposal) so 
the equilibrium concept will be perfect. Finally, all agents behave noncooperatively, 
or Nash, which rules out coalitions or voting blocs from forming to decide on 
cooperative voting strategies which may not be individually rational. Thus, voting is 
strategic or sophisticated in the special sense of foresighted (i.e., with “rational 
expectations”) but nevertheless noncooperative. 

The perfect Bayes Nash equilibrium concept used here has been formalized by 
Kreps and Wilson [4], and employed in other contexts in which learning and 
strategy interact, especially in private information models of bargaining, such as 
Cramton [1], Fudenberg and Tirole [3], and Morton [8] and in some reputation 
models in industrial organization, such as Kreps and Wilson [5] and Milgrom and 
Roberts [7]. Although this essay seems to be the first to address these issues in a 
voting model the underlying structure of the model is similar and requires the 
solution approach common to that literature — solving the model backwards for 
every possible last period information set and then examining how that information 
set may be reached from prior period behavior. Only in this way can agents address 
the tradeoff in choosing an action to obtain a desirable future information set versus 
choosing an action for its immediate allocation value. This is critical to both 
reputation building and dynamic bargaining strategies, and is also of central 
concern here. In this light, it is quite interesting to note Crawford and Sobel [2], who 
analyze a “pure” information transmission problem, analogous here to a pure 
public opinion poll or “‘straw vote”’ in which the voters send a message to the setter 
by responding to a poll. The aggregated information received by the setter is then 
used to propose a budget. They found that if there is sufficient divergence in agents’ 


' See Ledyard [6] or Palfrey and Rosenthal [10] for game theoretic analyses of costly voting and 
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interests then foresighted players will never volunteer any of their private 
information. This suggests that a pure public opinion poll of strategic voters will 
have no value. 

The structure of the paper is as follows: the next section specifies the 
environment. Then the following section presents an introductory version of the 
model in which there is a minimal amount of initial uncertainty about the 
distribution of voter tastes so that observing the results of the first vote is sufficient 
to give agents perfect information in the second round of voting. Then Sect. 4 
specifies the perfect Bayes equilibrium for the general case and addresses the issue of 
how rational voters should vote without any weight in the outcome. Section 5 
constructs an equilibrium under some specific assumptions about the initial 
information structure and Sect. 6 sketches the proof of uniqueness. The final section 
concludes with a discussion of generalizations as well as empirical implications of 
strategic learning. 


2. The Environment 


There is a risk neutral setter or bureaucrat who wishes to maximize the size of the 
budget or expenditure level, e. In order to do so, the setter has two chances to win the 
approval of a majority of the voters. If majority approval is not obtained, then the 
budget level will be the reversion level, normalized to be zero expenditure. 

There is a continuum of voters, each of which is characterized by a political 
preference parameter, ¢. A voter of type ¢ has a quadratic utility function for 
expenditure u(e, t)=te—e?. These are single-peaked preferences and have the 
characteristic that t/2 is the ideal expenditure for a voter of type t, and e=t is the 
largest expenditure level which a voter of type ¢ will prefer to the reversion budget of 
zero. 

It is common knowledge among the voters and the setter that voter tastes, ¢, are 
distributed in the voting population according to some continuous p.d.f., t~f(-|y) 
where y is a finite vector of parameters. However, y is unknown and the agents’ 
common beliefs are that y is distributed according to some joint p.d.f., y~g(y). For 
example, it may be known that tastes are distributed normally in the population but 
the mean and the variance are unknown. Each voter observes his private preference 
parameter, t, but does not use this observation to update his beliefs about the 
distribution of tastes; that is, if a voter’s ¢ is extreme under the common knowledge 
distribution, then the voter understands that he is extreme. 

The setter has at most two opportunities to hold referenda on proposed 
expenditure levels. If the setter’s proposed budget, e, , passes in the first period with 
a majority of the vote, then that will be the budget throughout the duration of the 
budget life, which is assumed to be fixed exogenously. If the first period proposal 
fails, then the setter proposes a second budget, e,, which, if passed, will be the 
budget level for the remainder of the budget life. If neither passes, the budget will be 
the reversion level of zero’. 


2 — Itis straightforward, but unenlightening, to impose election costs on the setter or discounting on the 
voters. Discounting may be appropriate if, for example, the public good or service is not supplied during 
the interim between a failed first referendum and the second, in which case it represents the opportunity 
cost of the interrupted flow of public good or service which is funded by the budget. 
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Finally, it is assumed that all voters vote according to the state they prefer. Since 
a solution to the problem of why voters vote is not offered here, a referendum is to be 
thought of as a costless and exhaustive, but strategic, public opinion poll. In the last 
period, voting is simply myopic as in Romer and Rosenthal, where voters 
behave as if their vote will be decisive. In the first period, preference comparisons 
are more subtle since there are more states to compare: the current proposal, the 
uncertain proposal of the next period or reversion. Unlike the last period, voters 
must also be aware of the strategic function of their vote in influencing the next 
proposal. Section 4 discusses how this preference comparison should be modeled. 


3. A Case of Perfect Learning 


As a prolegomenon to the more general analysis, this section considers the case in 
which agents have relatively little uncertainty from the outset, so that observation of 
the results of the first round of voting allows agents to infer the actual distribution of 
voter tastes. Although this simplified case is useful as an intermediate step between 

Romer and Rosenthal’s myopic behavior and the imperfect learning considered 

later, it is not plausible that agents will have perfect information after only one 

round of voting; also it does not capture some of the more interesting features of 

learning. 

To make foresighted calculations in the first period, agents must be able to 
forecast the future. So consider the second period first under the assumption that 
the distribution of voter tastes is known. Voters will behave myopically since there is 
no further future and will vote in favor of the second proposal, é,, if they prefer it to 
reversion, or for the utility function assumed here, if t =e. The second proposal will 
pass under majority rule if more than half of the voters vote for it or F(e3|y)= 1/2, 
where Fis the cumulative of f, the distribution of voter tastes. This can be expressed 
as: the median of (the distribution of ) ¢ given y is greater than e). 

Since the setter is presumed to know the distribution of ¢ in the second round, he 
also knows precisely which proposals will pass. Seeking to maximize the budget, he 
will propose the largest budget that will pass, or e, =the median of t, which will 
surely just pass. 

In fact, the setter need not know the entire distribution, but only its median, in 
order to choose the second proposal. Presumably the first vote will have conveyed 
information about the median which was previously unknown. Therefore, it will be 
assumed in this section that the vector of parameters, y, of the distribution of tastes 
is just a single parameter, which is most conveniently interpreted as the median. The 
support of the prior distribution of the median is assumed to be non-negative. It is 
important for perfect learning that agents be uncertain of only one parameter of the 
distribution, so that its true value can be inferred from the single observation of the 
first vote. Additional assumptions necessary for this inference will be introduced 
below. 

Turning to the first period, consider the voters’ decision problem. The setter has 
proposed some e, and voters will vote their preferences by comparing e, to the 
expected value of what will occur in the future; specifically, the second proposal will 
be whatever the median of voter tastes is revealed to be and it will surely pass. 
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Therefore, the voters’ decision in the first period is identical to a single stage 
referendum process in which reversion is the random variable y = median of t. (This 
is the sense in which this case of perfect learning trivializes some of the strategic 
aspects of the voters’ learning process.) A voter will favor the first proposal if 
A(e,,t)=0, where 


A(e,, t)=u(e,,t)—Eu(y, 2) . 
=(e,t-ef) —E(yt—y’) 
=(e, —Ey)t—(e —Ey’) . 
Of particular interest is the switching voter — that type, t*(e,), who is indifferent 
between the current proposal and the random reversion level, y, 
A(e, t*(€,)) =uler, *(e,)) —Eu(y, t*(e:))=0 . 


By this definition, the switching type views e, as the certainty equivalent of the 
lottery y;i.e., as equal to the mean, y, plus an adjustment for risk. For the quadratic 
utility function assumed here, it is easily verified that this risk adjustment is just 
equal to the variance of y: 


Eu(y, H=u(y, t) -—o 


for any ¢ and distribution of y, where o” is the variance of y, since in general 
o’ = Ey” —y*. Thus, the switching type is defined by 


u(ey, t*(e:)) =u(y, t*e,) — 07 
or 

t*(e,)=(e] -¥ —07)/(e, —9) 

=e, + 7-0" /(e, —J) . 

The graph of ¢*(e,) is in Fig. 1. Since A is linear in ¢, there is at most one 
switching type for every first proposal. All types above ¢*(e,) will vote together in 
favor of the first proposal if the coefficient on fin A is positive or e,; > ¥; conversely, 
if e; <y. This voting strategy implies that the fraction of the vote in favor of the first 
proposal is 


Pe if e>y 


A) rete) if <3. 


é, will pass if more voters are in favor than against, or equivalently, if the unknown 
median type, t=y, is in favor. So, 


y2t*(e;) if e>y 


é, passes iff ens ieee 


3 The case e, =f causes every voter to vote for e, since A(J, t) > 0 for all t. But the setter can do better, see 
below. 
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t*(ez) 


y+ ef 


Fig. 1. The switching type for the case of perfect learning 


Another assumption is required, to ensure that y can be inferred from V,. 
Perhaps the most reasonable is that an increasing median causes F to (first order) 
stochastically increase: for all t 


F(tly)< Fly’) 


when y <j”, as in the normal distribution. Thus, if the coefficient of tin A is positive 
a given proposal will receive more votes as the distribution shifts to the right and the 
median taste increases; conversely if the coefficient is negative. 

Since the setter chooses e,, he can control the form of voting by choosing e, 
larger or smaller than y. In every case, however, the information contained is 
exactly the same — the true median is revealed. It is clear that a budget maximizing 
setter will never choose e, <j, since he can obtain the same f*(e,) and probability of 
passage in the first period, and the same information for the future, by choosing 
some higher e, > y. 

In fact, the lowest proposal that the setter might choose is e, =(j” +0’)! > j, 
for which t*(e,)=0. Since it has been assumed that y=0, the true median will 
always be greater than this switching type above which voters are in favor, so this 
proposal will surely pass in the first round. 

It is remarkable that the setter can be guaranteed that such a high first proposal 
will pass. The explanation is that the setter is able to use the second round as a threat 
against risk averse voters. All agents have a common information set and the 
expected outcome of the next period lottery is y. Even the type t=0 who prefers 
zero expenditure to any positive level will be willing to pay a risk premium of 
(j* +07)'? —¥ to avoid that lottery. Essentially the original reversion level has 
become irrelevant. 

This first proposal may or may not solve the setter’s problem. By choosing a 
higher e, , the setter may win a larger budget in the first round, but the probability of 
failure also begins to increase and in the second round the risk neutral setter will 
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receive the lower y, the expected value of the lottery. The setter’s problem is to 
choose e, =(j? +07)!” to 
e, if y2r*(e) es) 
E. : = e, [1 —G(t* 
max cs if yer, Al -Geredl+ J rdGQy) , 
where G(-) is the cumulative of the distribution g(y). 
The first order conditions are 


g(t*(e,)) {11 —G(e*(ex))V/9 @*(e1)) — Ler —t¥ (ex) 10" (€1)} = 


These conditions bear a close resemblance to other private information models. The 
left hand term in the braces is the reciprocal of the hazard rate of the distribution 
g(y) and the “‘regularity” or second order condition that it is strictly decreasing is 
commonly assumed. For example, the first order condition for a one stage 
referendum (see Romer and Rosenthal [11]) is simply 


[1 -—Ge)]/g(e)-e=0 . 


The right hand term is strictly increasing so a unique solution is guaranteed*. Most 
of the common distributions are everywhere “‘regular”’. In the two stage referen- 
dum, however, the right hand term is also strictly decreasing, so even with regularity 
there may be multiple solutions to the first order conditions, each of which must be 
compared to the others and the corner, or even no solution if the support of the 
distribution g(y) has no upper bound. As an example, if y has the uniform 
distribution, the first order condition becomes a quartic polynomial in e,. 

This example has introduced some of the features of the more general analysis, 
such as foresighted voting and proposing, and the existence of a switching type of 
voter. However, learning is implausibly easy in this model, which perhaps gives the 
setter too much control. Also, the distribution of the second proposal is purely 
exogenous which restricts the sense in which the model is strategic and weakens its 
empirical implications. The more general analysis follows. 


4. Perfect Bayes Equilibria 


It is easiest to specify the more general definition of equilibrium backwards. In the 
second and last period, there is no future so the voting strategy is myopic. Although 
a voter has no weight in the outcome, in the unlikely event of being decisive voters 
are sincere. A voter of type ¢ votes in favor of the second proposal, e2, if he prefers it 
to reversion: 


1 if u(er,H2u(0,t) or t2e 
0 otherwise : 


sles,)=| 


Then e, will pass if and only if there are more voters with type greater than e, than 
less, or F(e,|y) < 1/2, where F is the cumulative of f and is conditioned on the true 
population parameters, y. 


4 It is also used in a simple auction model in which a risk neutral seller chooses the price e to sell to 


buyers with unknown reservation values. (See Myerson [9] for this early use of regularity.) 
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A risk neutral setter will want to propose the largest expenditure level that will 
pass, but may still have some residual uncertainty of what this level is, because of 
uncertainty about y. (This is the most interesting case.) In the last period, the setter 
will choose e, to solve 


max e, *Pr(e, passes) +0-Pr (e, fails) 
=e, -Pr(F(e2|y)<1/2) . 
The probability here is given by the setter’s posterior over y, which is updated from 
his initial prior, y ~g(-), by using information obtained from the first vote. How this 
posterior is formed must now be specified. 


In the second period, the agents will have observed the outcome of the first 
referendum, specifically 


V,=proportion of the vote in favor of e, . 


Agents will use this observation to update their priors over the parameters of the 
taste distribution, y, using Bayes Rule. The vote in favor of e, was generated by 
some equilibrium voting strategy in the first period 


1 if ¢ votes in favor of e, 
0 otherwise 


14(4, n=| 


(which may be considerably more complex than the sincere voting strategy of the 
second period) and the actual realization of the parameter, y according to 


Vi = v1 (e1, 0) f(tly)de . 


Agents use this to update their priors over y after observing V,. According to 
Bayes Rule, their posterior for y, h(y|V,, e1), 1s given by 


g(y) 


g(y)dy 
hol V; ’ e;) aa a 


0 if y€A(VYy, €1) 


if yeA(VYy,e) 


where A(V,,e,)={y: VY =] v,(e,,4)f(t|y)dt}. Thus, updating in this environment 
takes the form of truncation of the prior to the set of y's, A(V,, e,), that could have 
generated that vote in the first period. 

Therefore, if the proposal was not approved in the first period, the setter will use 
this posterior over y to choose the second proposal, e,. The setter will choose e, to 


° This specification of Bayes Rule has implicitly assumed that the true distribution of tastes in the 


population is unchanged from one period to the next. In principle it could be generalized to allow for 
different, but correlated, distributions of tastes in each period. Different distributions are not modeled 
here because this is likely to be due to differences in voter turnout which in turn may depend on the 
proposals. However, Palfrey and Rosenthal’s [10] model of rational turnout suggests that the 
distribution of voting citizens does not vary with the proposal. In any case, this is a model of foresighted 
voting rather than turnout. 
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solve 


max é,° Pr (e, passes |V;,, e;) 


e2 


=e, *Pr(F(ez|y) $1/2|M1, e1) 


=e, Jf — h(yih,e)dy 
{9: F(ealy) $1/2} 

Let e,(V,,e,) maximize this, and let its maximum value be U‘(V,,e,), the 
expected value to the setter of what will occur in the last period if the proposal e, 
received a vote V, in the first period. 

Having specified the possible outcomes for the last period given whatever may 
have occurred in the first period, it is now possible to define a first period 
equilibrium. The voters will observe the first period proposal, e,, and vote 
according to whether they prefer this proposal or the expected value to them of 
whatever will occur in the future if the proposal fails. Given this voting stretegy for 
an arbitrary e, , the setter will choose e, to maximize his current expected utility for a 
proposal plus the expected value to him of whatever will occur in the future. 

The precise specification of the voters’ first period strategy is more subtle than in 
the last period since there are more states to compare: the current e,, the uncertain 
e, and reversion. As in the last period, a voter will vote for e, according to whether 
e; is preferred to its alternative, behaving as if the unlikely event occurred that 
the voter is decisive in the first referendum. In this case, however, the alternative is 
effectively a lottery between e, and 0 whose probability is the ex post probability 
that e, passes. The value to a voter of type ¢ of this lottery is u(e.(Vy, e;), t) 
- Pr (ey passes |V;, e1), so a voter will compare this to u(e,,, t) in deciding how to vote. 
Note, however, that the former depends on V,, the fraction of the first vote in favor 
of e,, which is unobserved at the time voter t must choose how to vote. By analogy 
with myopic voting in which a voter can affect the outcome only in the marginal 
case in which he is decisive, he should evaluate the lottery in this marginal case as 
well, V, =1/2 (as opposed to the average or expected value of lottery valuations over 
either all possible V, or V;<1/2, when e, fails). 

This is expressed formally as follows: a voter in the first period will vote for 
€;, 1\(e,,t)=1, according to 


1 if A(e,,t)>0 
0 otherwise , 


nle.0=4 


where 
A(e;, t)=u(e,, t) —u(e2 (1/2, e1), t) - Pr (e, passes |1/2, e) 


and e,(:) and the ex post probability of passage are conditioned on V, = 1/2. 

In fact, there are two ways in which a voter could, in principle, affect the 
outcome. One is the (negligible) case in which a voter is decisive and this is what is 
captured in A. Another function of a vote is in contributing to the aggregate signal, 
V,, observed by the setter and used to choose e,. That is, an individual vote 
contributes marginally to V, and will have a small effect in the (non-negligible) case 
in which e, fails, V, < 1/2. This signaling aspect is ignored in A primarily for reasons 
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of tractability. In its defense, however, it may be that the marginal case of being 
decisive is more important to a voter than the marginal signaling effects of an 
individual vote, in a sense which can be made precise. This will be true in the 
example below in which e, is not a function of V,. Whether this is true more 
generally is difficult to establish with infinitely many voters. The following 
digression sketches a decision problem when there are finitely many voters and 
some chance that an individual is decisive and shows more precisely the decisive and 
signaling functions of a vote (and also shows more precisely why A captures the 
decisive function of a vote). 

Maintain the other assumptions in the text, but suppose that there are n+1 
voters, n even. Since there are a finite number of voters there is some small chance 
that a voter will be decisive and that a voting strategy can be strictly optimal in a 
voter’s decision problem if there is no cost of voting, as is assumed. This is a Nash- 
type equilibrium in a voting game among the voters so this voter will take as given 
the voting strategies of all the other agents, and these can be summarized as 


Py, =probability that the other voters’ first period vote will generate a fraction 
V, in favor of e, 


for V, =0, 1/n, 2/n,...,1. These are generated by order statistics of the other agents’ 
strategies conditional on tastes, and will generally not be zero since this voter does 
not know the tastes of the others. Of special interest is P,,., the probability that the 
other voters are evenly split for and against e, and this voter is decisive. 

Let 


UV; > €1) =u(e(Y,, e1); t) ; Pr(e, passes | Vi ’ e1) 
=a t-voter’s ex post evaluation of the lottery the setter 
will choose if he observes V, in favor of e, 


_ ji iff votes in favor of e, 
~ 10 otherwise . 


The voter must consider cases in which e, will pass irrespective of his vote (V; > 1/2), 
in which he is decisive (V, = 1/2) and in which e, will fail (V, <1/2). If e, fails, the 
voter must also consider how his vote will add or detract from the aggregate 
percentage (nV, + 1)/(7+ 1) which influences the future lottery. Taking Py, as given, 
the decision problem is to choose 0<v<1 to 


max )) Py,u(e,,f)+ Pr {vu(ey, )+(1 —v)U'(n/2(n +1), ey} 


Vi>1/2 


+ Y Py, {eU'(nV, +1)/+1),e:)} +A —v)U'(nV,/(n +1), e,)} . 


Vi<1/2 


The solution to this problem is for the voter to vote for or against e,; according to 
whether 


Py {u(ey, t) —U'(n/2(n+ 1), ey} 
+ Yo Py, {U'(aV, +1)/(+1), e:) — UAV, / +1), e:)} 


V,<1/2 
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is positive or negative respectively. The first term embodies the decisive aspect of the 
agent’s vote and the second term describes the signaling aspect. 

If the signaling aspect is ignored or if, as in the example below the voters’ ex post 
valuation does not depend on the first vote, then, if there is some chance a voter is 
decisive, as is likely to be the case with finitely many voters, the strictly optimal 
voting strategy is 


past if u@r.)-U'@/2@+1),e)20 
~ {0 otherwise . 


As the number of voters increases, the probability of being decisive goes to zero, yet 
the limit of this voting rule is specified in A. 

Whether the signaling aspect should be ignored depends on the behavior of the 
summation term in the expression above relative to P;,. as n increases. If this term 
goes to zero faster than Pj), then the signaling aspect is overwhelmed by the 
decisive aspect of a vote in large populations. This is assumed here. If the converse is 
true, then a voter will vote purely for its signaling value. Such an equilibrium can be 
considered objectionable on the methodological grounds that it is not desired to 
model voting in which an agent’s preferences for the current proposal have no effect 
on strategy. The final case is one in which the ratio of the second term to P,) 
converges to some non-zero constant, which would reflect a tradeoff between 
signaling and decisiveness. In view of the fact that the functional form of U’ (as well 
as its first argument) and P,, depend on and f, so that each of these cases must be 
considered for every ¢, it is clear that the resolution of this issue must await an 
explicit analysis of finite populations®. 

Returning now to the specification of the equilibrium, it will be assumed that a 
voter considers the signaling aspect of his vote small relative to the decisive aspect’. 

Finally, given the first period voting strategy, the setter’s foresighted choice of 
first proposal takes account of the (potential) trade off between winning approval 
and gaining information for the next round. It is specified last in the following 
summary. 


Definition. A perfect Bayes equilibrium of this strategic voting game with learning 
consists of first and second period proposals, e;, e2(V1, ¢1), first and second period 
voting strategies, v,(e,, 1), 02(€2,¢), and an ex post distribution of y, hO|V4, e1), 
such that 


a) h(-) satisfies Bayes Rule: 


g(y) 


ft g()ady 
AQ|Ki.e)= wen” 


if yeA(Yy, e1) 


0 otherwise 


6 This discussion also suggests that a fully strategic voter in the previous case of perfect learning may 
do more than simply compare the current proposal to the second period lottery. A careful analysis along 
the lines suggested here might even show that perfect learning is not possible. 

7 — Morton [8] considers the tradeoff between signaling for future use versus current allocation in a two 
agent, private information bargaining model with a similar equilbirum concept. 
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where 
AV ,2:)={y: VY =J vier, Of (ly) dt}; 


1 if u(e,,H=u(0,2); 
0 otherwise 


b) v2(e1, t) -| 


c) e)(V;,e1) solves for every Vi, e; 


Us(V,, e;)=max e,-Pr(e, passes |V, e;,) 
e€2 


where the probability of passage is calculated from h(y), the ex post distribution; 


if A(e,,H=0 
W) Det . otherwise , 
where A(e,, f)=u(e,, t) —u(e2(1/2, e,), t) Pr (e2 passes |1/2, e,) and e,(-) and the ex 
post probability of passage presume V,; =1/2; and 
e) e, solves 
if forer,df(tlyde21/2 
Us({ vi(e1,¢)f(tly)dt) otherwise , 


where the expectation is with respect to the prior distribution g(y). 


mae Ae 


5. The Construction of an Equilibrium 


In this section, an equilibrium is constructed and explicitly characterized under 
some specific distributional assumptions. The general issue of existence and 
uniqueness is challenging, but this example should provide some insight. The 
assumptions are chosen to make the equilibrium easier to construct. The key 
simplification generated is that the second proposal will be deterministic in that it 
does not depend on the fraction of the vote in favor of the first proposal. That is, any 
distribution of tastes, y, which would vote down the first proposal would lead the 
setter to choose the same second proposal. (As remarked below, this implies that 
agents need only observe whether the first proposal failed, and not the precise 
fraction of the vote against.) This deterministic feature is likely not robust. 

In this example, it will be assumed that it is common knowledge that voters’ 
tastes are distributed normally® but the mean and standard deviation are unknown. 
Thus, the population parameters, y, are u and o, and f(t|y, o) is a normal density 
function. Further, all agents’ priors, g(), over the population parameters are that p 
and o are jointly uniformly distributed over the rectangle [0, m] x [0, s], with s = oo 
1.¢., diffuse. 

This diffuse prior will remove a troublesome corner in the setter’s second period 
problem and make the second proposal deterministic. A diffuse prior is objection- 


8 A negative t-type voter can be interpreted as a voter whose utility is even steeper than a ¢=0 voter at 


e=0. The upshot is that there is always a mass point of voters who prefer reversion to any positive 
expenditure level. 
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able since it does not allow updating via Bayes’ Rule; also it is implausible that 
agents have this very special form of no beliefs about the parameter. Hopefully its 
use here will be considered less objectionable since Bayes voting strategies with 
finite but large support will be constructed, and it will then be argued that the limit 
of these is the appropriate strategy for the diffuse case. 


A. The Form of Equilibrium Voting Strategies 


To solve for this equilibrium a solution form for the voting strategies is conjectured. 
The second round is unproblematic: since there is no future, voters myopically vote 
their preferences for the second proposal versus reversion 


1 if u(e.,d2u(0,t) or tZe, 
0 otherwise . 


slea.t={ 


For a fixed e,, this voting strategy is monotonically increasing in f. 
The first round of voting is more problematic since voters’ preference 
comparisons are more complex. It is 


1 if A(e,,H20 
0 otherwise , 


ne.0=4 


where 
A(e,, t)=u(e;, t) —u(e2 (1/2, e1), )- Pr (e, passes |1/2, e;) 
=(e, —e, Pr) t —(e? —e3 Pr) . 


The first voting strategy is monotonically increasing (decreasing) in ¢ if the 
coefficient on tin A is positive (negative). It will be conjectured in this section that it 
is increasing and then verified that the setter will choose a first proposal greater than 
the ex post probability weighted second proposal. Given this conjecture, for any 
first proposal, e,, there is some switching type, ¢*(e,), such that 


1 if t2t*(e,) 
0 otherwise . 


nfe.0=| 


The switching type, ¢*(e,), will be the type of the decisive or indifferent voter, for 
whom A(e,, 7¢*(e,))=0. 

The implications of these voting strategies, including the form of Bayesian 
updating, the setter’s choice of proposals and the determination of t*(e,), can now 
be worked out. 


B. Bayesian Updating 


All agents learn in the same way from the first round of voting since the information 
structure is common knowledge. Agents observe the percentage of the vote in favor 
of the first proposal and using the first period equilibrium voting strategy gain 
information about the unknown distribution of tastes in the population. The vote in 
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favor is determined by 
Vi =f 11 (€1, Of (lu, o) dt 
=1-F(t*(e;)|p, 0) 
since it is conjectured that voters with a type greater than ¢*(e,) vote in favor. The 
agents can calculate the set A(V;,e,) of all combinations of y and o which could 
have generated the vote V,. 
A(V;, €1) = {H, 0 € [0,m] x [0,5]: VY. =1-FU*(eE IH} 


The set A(V,, e,), which is the support of the posterior, takes a simple form since 
tastes are distributed normally. Let ¢ be the standard normal cumulative and let 7 
satisfy 


V,=1-¢(2) . 


Note that if V, <1/2 (e, did not pass) then t > 0. Then py, o could have generated V, 
only if 


PCN 
oO 


and so 
A(V,, €1)={p, o€ [0, m] x [0,5]: w=t*(e,)—T0} . 


Bayesian updating in this model is simply truncation of the prior support 
[0,m] x [0,5] to that part of line segment p=t*(e,)—to lying in the rectangle 
(see Fig. 2). Since the prior is uniform, so also is the posterior over the line A(V,, €;). 
The slope, —t, is determined by V, and is negative if e, did not pass. The slope varies 
from the horizontal (if V, =1/2) to the vertical Gf V,=0). It is the normality of the 
distribution of population types that yields the linearity of the posterior support of 
population parameters. 

It will be assumed in this section that the equilibrium is such that ¢*(e,)<m, as 
shown in Fig. 2, and verified that such an equilibrium exists. The next section will 
indicate that the equilibrium is unique. 


t*(eq) A(V1,€1) 


t*(e1)-ts = 


Fig. 2. Prior and posterior support of (yu, ¢) 
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C. Second Period Equilibrium 


In the second period, the setter will choose a second proposal optimally, given the 
posterior resulting from the first period. Whatever may have occurred in the first 
period, the voting strategies for a final proposal are sincere: a voter of type ¢ will 
vote for e, if he prefers it to the reversion level of zero. According to the preferences 
assumed here 


1 if t> (a) 
0 otherwise . 


rlea.=| 


Consequently, e, will pass iff more voters are above e, than below, or the median of 
voter tastes is greater than e,. The setter is still unsure of the true population 
characteristics, so, using the posterior, he will choose e, to 


max e, - Pr (median {t}>e,|A(Vi,e1))? . 


That tastes are distributed normally once again provides considerable simplifica- 
tion, since for the normal, the median is equal to the mean; so the setter’s problem is 


max é, *Pr(u>e,|A(Vi,e1)) . 


The setter cares only about the u-marginal distribution of the posterior. His 
uncertainty about o serves only to prevent him from gaining perfect informa- 
tion about yw from the first period vote. In Fig. 2, the u-marginal is uniform on 
the projection of A(V,,e,) onto the yp axis. The highest possible py is just ¢*(e,) 
and the lowest depends on + and is max {0,t*(e;)—ts}. The p-marginal is uni- 
form over this support since the joint posterior is. The setter’s problem is choose 
e, 2max {0, t*(e,) —ts} to 


t*(e,) —o 
t*(e,) —max {0, t*(e,) —ts} * 


max é€,° 


The solution to this problem is straighforward. The setter will choose 
é, =t*(e,)/2 unless this is less than the lowest proposal that is sure to pass, in which 
case he chooses that proposal e, =t*(e,)—ts. The solution is summarized below: 


e Pr (e, passes |A(V;,¢;)) 
0<r<1*(e,)/2s t*(e,)—ts 1 
t*(e,)/2s<1<t*(e,)/s t*(e,)/2 t*(e,)/2ts 
t/(@)/s<t t*(e,)/2 1/2 


It is convenient to restrict attention to the last case since e, and its ex post 
probability of passage are not functions of the first period vote (or t) and so are not 
random from the point of view prior to the first vote. The reason this is convenient is 


° Since updating here is simply truncation, posterior probabilities will hereafter be written 
conditionally on the set A(V, e,), which is the common information set (in the sense of extensive games) 
at the beginning of the second round. 
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that the next step in constructing the equilibrium is to solve for the cutoff voter 
t*(e,), who is indifferent between e, and the expected value of the second period and 
this step is considerably easier if the expected value is not a function of the first vote. 
This simplification is made by assuming that agents behave according to the above 
decision rule with s= 00, i.e., as if only the third case obtains, in which e, =t*(e,)/2 
and Pr (e, passes |A(V,, e,)) = 1/2, independent of t (or V;,). Itis not possible to solve 
for the equilibrium directly when s=oo since Bayesian updating is not strictly 
defined when the prior is diffuse. This decision rule is chosen since it is the limit of 
the more general one as s grows large’®. 

This nonstandard prior for a is used here for the sake of tractability of the 
resulting decision rules. If the use, or this approach to “updating”, a nonstandard 
prior is objected to, note that the same decision rules can be justified analytically by 
assuming that agents observe only whether the first proposal passed or failed, rather 
than the size of the vote in favor'’. 

To see this, suppose it is only observed that V, <1/2;i.e., that the first proposal 
failed. Then all that can be inferred about 1 (defined above) is that t<0. Then the 
support of the posterior, which was the line A(V,,e,) when V, and t were known, is 
now the subrectangle [0,7¢*(e,)] x [0,5]. The posterior is uniform over this 
subrectangle and the y-marginal is uniform over [0, t*(e,)]. So the solution to the 
setter’s second period problem is the third case above, as was desired. Consequently, 
in this environment, the decisions of agents with a diffuse prior over t who observe 
the first vote are equivalent to those with a standard prior who observe only success 
or failure of the first proposal. 


D. First Period Voting Strategy: Determination of the Switching Type 


The second proposal and ex post probability of passage have been determined as a 
function of the switching voter type, ¢*(e,). Now first round voting can be examined 
as a function of e,. Voters favor the first proposal if they prefer it to the ex post 
expected utility of the second proposal, which is a function of the switching type. 
But from A(e,,f*(e,))=0, the switching type, in turn, is indifferent between 
obtaining e, now or his ideal point e, =t*(e,)/2 with ex post probability 1/2 later. 
Therefore, ¢*(e,) is given by A(e,,¢*(e,))=0 which becomes 


u(e,, t*(e,)) —u(en, t*(e,))/2=0 
or 
(e1t*(e,) —ef) —(t*(e,)7/2 —t*(e,)?/4)/2=0 . 


The solutions to this quadratic equation are 


t*(e,)=2e,(2 +2) : 


10 The limit here is analytical, not a probability limit: for any finite s, the ex ante probability that one of 


the first two cases obtains, given that e, fails, is equal to 1/2, so these cases never become negligible. It is 
also worth noting that although it has been argued that a voter will be concerned with only those cases in 
which he is decisive — in which the vote in favor is just less than 1/2 and the first case obtains — nevertheless 
if s= oo, then A(V;, e;) will eventually cross the horizontal axis for any V; <1/2. 

‘1 Thanks to a referee for suggesting this. 


62 S. Morton 


Fig. 3. Determination of switching type 


One of these solutions is ruled out by the additional consistency criterion that 
voters above ¢*(e,) strictly prefer e, ; i.c., that the coefficient on fin A be positive, 
or €; >é/2. Simple substitution implies that the only consistent solution is 


t*(e,)=2e,(2-//2) . 


The solution is pictured in Fig. 3. Although causuality runs in the opposite 
direction is is easiest to understand by fixing ¢*(e,) and seeing what e, would have to 
be to support that switching type. If t*(e,) is the cutoff, then the setter will find his ex 
post utility greatest by choosing e, =1*(e,)/2, the cutoff’s ideal point. However e, 
will pass will with only a 50% probability, so his expected utility is only half that of 
his ideal point. The certain utility value to *(e,) must be equal to this; there are two 
values of e, which do this, one above and one below e,. However the less of these is 
ruled out by the additional condition that types above ¢*(e,) strictly prefer e,. 

Note that for any e, >0, t*(e,)>e, >e.. Like Romer and Rosenthal’s naive 
equilibrium, the proposals decrease over time. (The next section considers whether 
there is an equilibrium in which they increase.) What distinguishes the sophisticated 
equilibrium here is that the switching type is strictly greater than the first proposal — 
types in [e,,¢*(e,)] prefer e, to reversion but will nevertheless vote against e, in 
anticipation of a better second proposal: the sophistication of voters limits the 
power of the setter’s agenda control. 


E. The First Proposal 


To fully characterize the equilibrium, it remains only to find the setter’s optimal first 
proposal. The setter want to choose e, to maximize his expected utility of the first 
period plus his expectation of the (ex post) expected utility of what will occur in the 
second period if e, fails. Specifically, choose e, to 

max e, -Pr(e,; passes) + (1 —Pr (e; passes)) -e2 - Pr (e, passes|A(M, 1) , 


where e, is a deterministic function of e, given the first period voting strategy and 


Voting in Repeated Referenda 63 


Pr (e2 passes |A(V,, e,)) is evaluated by the setter’s posterior conditional upon e, 
failing; on the other hand, Pr(e, passes) is evaluated at the setter’s prior. 

Since the equilibrium voting strategy is increasing in f, e, will pass iff the greater 
mass of voter is above t*(e,) or median {t} > t*(e,). As before, tastes are distributed 
normally and the median is equal to the mean so e, will pass if u>t*(e,). Once 
again, the setter cares only about the mean, and the p-marginal of his prior is 
uniform over [0,m], so Pr(e, passes) =Pr (uw >1*(e,))=1—t*(e,))/m. The setter’s 
problem becomes 


max €, (1 —t*(e,)/m)+1*(e,)e,/2m 
=e, -(1—e,2(2—|/2)/m) +e; 2(2 -|/2)e, (2 -|/2)/2m 
and the solution is 
e,=m/4(//2—-1) . 
The ex ante probability that e,; passes is 


1 —1*(e,)/m=1—1///2 


The setter’s ex ante expected utility is 


m(/2+1)/8 . 


This is greater than m/4, the setter’s maximum expected utility, if there was only one 
round of voting. This result is useful in proving uniqueness of equilibrium. 

Having found the “sophisticated” voting equilibrium, it is possible to make 
some comparisons with the “naive” case. Romer and Rosenthal anylzed repeated 
referenda under the assumption that all agents behaved myopically; that is, voters 
only compare the current proposal to reversion, ignoring any future proposals, and 
all agents, including the setter, do not revise their priors in the light of previous 
votes. Let x,, x2 be the proposals for this “naive’’ case. In each stage x; will pass if 
x;<p So the ex ante probability of passage is 


Pr (x; passes) = Pr (x; <u) =(m—x;)/m . 
The setter then chooses the proposals x,, x2 to 
max x, Pr (x, passes) +(1 —Pr (x, passes)) x, Pr (x2 passes) 


MX, xX, MmM—X2 
=X, + X2 
m m m 


where all the probabilities are evaluated according to the prior. The solution is 
Xg=m/2 3; x=S5m/8. 

So, in comparison, 
Xp > ep > xX >e , 


“naive” behavior increases the proposal sequence. The differences between the two 
formulations of the bureaucrat’s decision problem are that e, is based on learned or 
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ex post information whereas x, ignores any information implicit in the first vote (x, 
is the proposal that would be chosen if the setter had only one chance to obtain 
approval); and e, must win approval from strategic voters and passes only if the 
median type is greater than t*(e,) > e,, whereas x, faces naive voters and will pass if 
the median type is greater than x,. 


6. Uniqueness of Equilibrium 


The strategic equilibrium constructed in the last section is unique and this is the 
subject of this section. The proof consists of a tedious consideration of cases, the 
details of which appear not to offer much insight, so the proof is only briefly 
sketched here!*. Three main cases are outlined; each either violates a consistency 
condition or can be prevented by the setter who does better under the equilibrium of 
the last section. 

One structural feature of the model does seem to be robust however: the 
monotonicity of the first period voting strategy. Voters vote for or against e 
according to whether A is positive or negative. Since A is monotone (in fact, linear 
for quadratic utility) in ¢, this suggests that there will be a unique cutoff voter type, 
t*(e,), who is indifferent between e, and whatever may occur next, defined by the 
type who makes A equal to zero. Types on each side of the cutoff will vote together, 
for or against e,, according to whether the coefficient on t in A positive or negative. 
This considerably simplifies the analysis since the aggregate vote in favor of e,, 
which the setter used to obtain information about the population in choosing the 
second proposal, will then be either the mass of voter types above or below the 
cutoff type. 

This also suggests that there may be two equilibria in this model, according to 
whether the coefficient on ¢ in A is positive or negative: roughly, whether e2, 
weighted by the ex post probability of passage, is less than or greater than e,. Of 
course, equilibrium voting strategies must satisfy an additional consistency 
condition, that the information gleaned by the setter from observing the first period 
vote will lead him to optimally choose an e, which provides the correct sign on the 
coefficient of f: it must be positive it voters above the cutoff vote for e, , and negative 
if voters above the cutoff vote against e, . If this were true, then, bearing in mind that 
the cutoff voter is indifferent, it might be said that voters above the cutoff voted for 
(or against) the first proposal because they expected the value to them of the second 
proposal to be lower (or higher) than the first; further, use of this strategy to 
understand how a first period vote was generated should lead the setter to choose a 
second proposal which was, in fact, lower (or higher) than the first. The second type 
of equilibrium fails under the normality assumptions made here, but whether it fails 
more generally is an open question. The first equilibrium may seem more natural 
since it is qualitatively similar to the “‘naive” voting strategies found by Romer and 
Rosenthal for multiple referenda. However, the second type is not at all analytically 
unreasonable — voters who prefer big budgets vote against the first proposal 


12 Full details are available from the author. 
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precisely because they expect the second to be higher — and may be possible under 
different assumptions about the distribution of voter types. 

Before considering the case of strictly decreasing voting strategies, in which the 
coefficient on f in A is negative, it is useful to first examine the contrary of the 
assumption made in the last section that the switching type, f*(e,), is less than m, the 
highest possible mean of the population. If t*(e,) 2m, then the posterior support 
line A(V,, e,) cuts across the top (u=m) of the prior support rectangle instead of the 
left edge (t =0) as in Fig. 2. The first proposal will surely fail unm St*(e,). Further 
assuming s is infinite the posterior will eliminate some of the possible t’s but none of 
the possible ps; so no new relevant information is gained from the first vote and the 
second period is equivalent to Romer and Rosenthal’s second period. However the 
setter does better in the equilibrium of the last section and can force it by proposing 
that e,. That is, assuming e, =m/4(//2- 1) and no learning for the second period 
(and the resulting second proposal) implies t*(e,)~0.67m <m. 

Now consider the case in which the coefficient on ¢ in A is strictly negative, so 
that voters below the switching type vote for the first proposal. A parallel analysis to 
that of the last section can be performed with the major difference that the posterior 
support line A(V,,e,) is upward sloping so that information from a failed first 
proposal truncates the set of possible y’s from below. As before, cases in which 
t*(e,) 2m need to be considered but also whether ¢*(e,) 2m/2 must be distin- 
guished. This last corresponds to whether there is a corner solution to the setter’s 
second period problem which is a possibility if the posterior distribution on p has 
been truncated away from zero. Although tedious, it is straightforward to show that 
in each case either a) a consistency condition is violated in which the setter’s optimal 
choice of e,, e, and the ex post probability of passage violate the initial assumption 
that the coefficient on ¢ in A is negative; or, although consistent, the setter can 
enforce the equilibrium of the last section in which he does better. 

Finally, for completeness, the case in which the coefficient on fin A is identically 
zero can be considered. Then voting strategies do not depend on ¢ and all voters vote 
for, against, or entirely randomly depending on whether the intercept term in A is 
positive, negative or zero. In each case, no new information is communicated from 
the first period vote so the second proposal and ex post probability are determined 
myopically, and the first proposal is determined since the coefficient is zero. Based 
on these, the intercept term is positive and the first proposal passes for sure. But 
once again, the setter can enforce the equilibrium of the last section in which he does 
better. 


7. Conclusion 


This model has begun to address issues in the strategic acquisition and use of 
information in a voting process using a perfect Bayes equilibrium concept. 
Although the simplest framework might be thought to be a pure public opinion poll 
(or “straw vote”) prior to a referendum, the results of Crawford and Sobel [2] 
suggest that voters would completely mask their preferences. Instead, a repeated 
referendum process is analyzed which requires voters to take the first proposal more 
seriously as a possible allocation, rather than a mere signal. This additional 
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structure generates an equilibrium in which learning does occur, and is at least 
quantitatively different from naive or myopic behavior. This concluding section will 
discuss the robustness of the equilibrium constructed and its empirical implications. 

Equilibrium depends upon some notion of consistency (or “rational expecta- 
tions”) between the information on the population contained in the first vote as 
determined by first round voting strategies and the implied second proposal 
optimally chose by the setter given that information. What makes this connection 
relatively simple is the nature of A, a voter’s comparison of the current proposal to 
the uncertain future. Because there is a continuum of heterogeneous and 
noncooperative voters, equilibrium voting strategies are pure and an equilibrium 
can be characterized by the cutoff voter type who is just indifferent in this 
comparison. This aspect of equilibrium is likely to prove robust to generalizations. 
For example, with other (single peaked and concave) utility functions over a one- 
dimensional issue space, A will not be linear, but should retain monotonicity; single 
peakedness is generally interpreted as agents being in agreement in preferring 
“moderate” to “extreme” outcomes so the comparison expressed by A should 
switch signs for different types at most once. Then an equilibrium can be 
characterized by the switching type and whether the derivative of A with respect to 
type is positive or negative. If all equilibria are of this form, as seems likely, then this 
will provide an important simplifying step in a more general analysis. 

If all equilibria do take this simple form, then another feature of the analysis 
follows from this. Bayesian updating is simply truncation of the prior to the set of 
parameters, y, which could have generated the first vote V, : 


V,=1—-F(t* (ey) 
or 


V,=F(t*(e,)1Y) 


depending on whether A is increasing or decreasing in ¢. In the example, F was the 
normal cumulative and y its unknown mean and standard deviation, so the support 
of the posterior was a straight-line segment. Presumably, other population 
distributions can be plausibly parameterized so that the posterior support is very 
well behaved. 

An advantage of the normality assumption in that example is that only one of 
the parameters, the mean, determined whether a proposal would pass at each stage. 
Uncertainty about the standard deviation served only to prevent agents from 
gaining perfect information after the first vote. Although it will not generally be 
true for other distributions and priors that only one of the parameters determines 
the outcome, it would seem that, in most cases, observation of a vote serves to 
reduce the parameter space by one dimension. Presumably, if y is an n-dimensional 
vector, agents would have perfect information (as in the case of perfect learning) 
after observing the results of n—1 referenda. 

Thus, the relative simplicity of equilibria would appear to hold in a larger class 
of environments. On the other hand, explicit, closed form solutions may be harder 
to come by. Such solutions were obtained in the example here only by a very careful 
choice of priors. 
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A deep problem which had to be confronted, if not solved, is the explication of 
rational voting in a continuum when no voter has weight in the outcome. It was 
argued that two common heuristics — voting as if one were decisive and voting 
one’s preferences — were not equivalent, and the decisive and signaling functions of 
a vote were distinguished. For reasons of tractability, the decisive function was 
emphasized in the definition of equilibrium, although in the normal example 
constructed, the second proposal was not a function of the first period vote, so that 
there was in any case no signaling function to capture. A careful limiting analysis of 
finite voting populations might show some trade off in these functions in the voter’s 
problem. Yet the previous remarks on the monotonicity of A and the role of a 
unique switching type would still hold. It is possible, however, that the equilibrium 
could unravel. 

The equilibrium found here is different from that implied by naive or myopic 
voting behavior; the strategic proposal sequence is uniformly lower than that found 
by Romer and Rosenthal. Using their market structure analogy, one might say that 
strategic behavior by the voters reduces the ““monopoly” power of the setter. 
However, there is not any apparent qualitative difference between the two 
equilibrium behaviors. To qualitatively distinguish them, one must consider the 
possibility that there may be another strategic equilibrium in which voting strategies 
are decreasing in t. Although the proof that this is not possible for the example 
considered was sketched in the last section, it is likely not generalizable. 

A voting strategy will be decreasing in ¢ if voters who prefer low budgets vote for 
the first proposal because they expect the second to be higher. From the setter’s 
point of view, the first proposal not only yields information but (unlike a pure public 
opinion poll) also may succeed. If low and high proposals are, in some sense, equally 
informative then the setter might prefer to experiment with a high proposal with a 
desirable outcome if it succeeds. On the other hand, one can imagine somewhat 
contrived (and therefore uncommon) information structures in which lower 
proposals generate more informative signals; in the extreme, proposals below some 
level may be perfectly informative. In such a case, the setter may determine that the 
value of acquiring good information will outweigh the risk of a low first proposal 
succeeding. 

Decreasing voting strategies and increasing proposals sequences are uncommon 
but not unreasonable and data suggests that it is at least worth entertaining the 
possibility. Romer and Rosenthal report that in a small but significant number of 
cases of local school budget referenda in Oregon, later proposals were larger than 
earlier defeated proposals. In their model of naive voting, proposal sequences 
should always decrease. It would appear that the only hope for a rational 
explanation of increasing proposal sequences rests with strategic voting behavior. If 
voters are strategic in these rare cases, one might argue that they are more generally 
as well. 
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